The holographic entanglement entropy for the most general higher derivative gravity is investigated. We find a new type of Wald entropy, which appears in the dynamic spacetime and reduces to usual Wald entropy for stationary black holes. Furthermore, we obtain a formal formula of HEE for the most general higher derivative gravity and work it out exactly for some squashed cones. As an important application, we derive HEE for gravitational action with one derivative of the curvature when the extrinsic curvature vanishes. We also study some toy models with non-zero extrinsic curvature. We prove that our formula yields the correct universal term of entanglement entropy for 4d CFTs. Furthermore, we solve the puzzle raised by Hung, Myers and Smolkin that the logarithmic term of entanglement entropy derived from Weyl anomaly of CFTs does not match the holographic result even if the extrinsic curvature vanishes. We find that such mismatch comes from the 'anomaly of entropy' of the derivative of curvature. After considering such contributions carefully, we resolve the puzzle successfully. *
Introduction
In [1, 2] , Ryu and Takayanagi develop a holographic approach to calculate entanglement entropy (EE) of quantum (conformal) field theories in the context of AdS/CFT correspondence [3] . For a subsystem A on the boundary, they propose an elegant formula of EE
where γ A is the minimal surface in the bulk whose boundary is given by ∂A and G is the bulk Newton constant. Their formula yields the correct EE for two-dimensional CFTs and satisfies the strong subadditivity of EE [27] S A + S B ≥ S A∪B + S A∩B .
Recently, the conjecture eq.(1) was proved by Lewkowycz and Maldacena [5] . See also [6, 7] for the proof of Ryu-Takayanagi conjecture. Besides the gravity side there are also many interesting progress in the field theory side, please refer to [8, 9, 10, 11, 12, 13, 14] for more details.
The formula of Ryu and Takayanagi applies to quantum field theories dual to Einstein Gravity.
Thus the corresponding CFTs have only one independent central charge. To cover more general field theories, one need to generalize their work to higher derivative gravity. A natural candidate of holographic entanglement entropy (HEE) for higher derivative gravity would be Wald entropy:
However, as pointed out by Hung, Myers and Smolkin [15] , Wald entropy does not give the correct universal logarithmic term of EE for CFTs when the extrinsic curvature is non-zero. For Lovelock gravity, we have another entropy formula: the Jacobson-Myers entropy [16] which differs from Wald entropy by some extrinsic-curvature terms. It turns out that the Jacobson-Myers entropy [16] yields the correct CFT results [15, 17] . However, there is no similar entropy formula for general higher derivative gravity. One do not know how to derive HEE from the first principle when the extrinsic curvature appears.
The first breakthrough was made by Fursaev, Patrushev and Solodukhin [18] . They develop a regularization procedure to deal with the squashed conical singularities. Using this regularization procedure, they successfully obtain HEE for the curvature-squared gravity. Soon after [18] , another important breakthrough was made by Dong [19] . Dong find that, similar to holographic Weyl anomaly, the would-be logarithmic terms also contribute to HEE. Dong call such contribution as the 'anomaly of entropy'. For the so-called 'general higher derivative gravity' whose action including no derivatives of the curvature S(g, R), Dong derive an elegant formula of HEE:
where the first term is Wald entropy and the second term is the anomaly of entropy. Please refer to [19] for the definition of q α . It should be mentioned that Camps [20] also made important contributions in this direction. For recent developments of HEE, please refer to [21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32] .
So far, HEE for gravitational actions which include derivatives of the curvature is not known. In this paper, we fill this gap by generalizing Dong's work to 'the most general higher derivative gravity' S(g, R, ∇R, ...). We find all the possible would-be logarithmic terms and derive a formal formula of HEE for 'the most general higher derivative gravity'. To get more exact formulas, we focus on gravity theories whose action S(g, R, ∇R) includes only one derivative of the curvature. A natural guess of HEE for S(g, R, ∇R) would be Dong's formula eq.(4) with all ∂ be replaced by δ. This is however not the case. Instead, we find that new terms should be added to both Wald entropy and anomaly of entropy even if we replace all ∂ by δ. The generalized Wald entropy for S(g, R, ∇R) is
Kz ij + c.c)
By 'generalized Wald entropy', we means the total entropy minus the anomaly of entropy. Interestingly, a new term proportional to the extrinsic curvature appears in the generalized Wald entropy. This new term only appears in dynamic space-time, thus it is consistent with Wald's results for stationary black holes. While for the anomaly of entropy, since the general case is very complicated, we set K aij = 0 for simplicity. If the anomaly of entropy is just Dong's formula with ∂ be replaced by δ, it should vanish after we set K aij = 0. However, we get
Applying the above formula, we resolve the puzzle raised by Huang, Myers and Smolkin that the logarithmic term of EE derived from Weyl anomaly of CFTs does not match the holographic result even if the extrinsic curvature vanishes [15] . We find that such mismatch comes from the contributions of the derivative of the curvature. After considering these contributions carefully by using the above formula, we resolve the HMS puzzle successfully.
For non-zero extrinsic curvature, we investigate a toy model with Lagrangian
We derive HEE and prove it yields the correct logarithmic terms of EE for 4d CFTs. We also compute HEE of the toy model by using FPS regularization [18] and find full agreement with the results by using Dong's method.
The paper is organized as follows. In Sect. 2, we briefly review Dong's derivation of HEE for 'general higher derivative gravity'. In Sect. 3, we generalize Dong's method to the most general cases.
We obtain a formal formula of HEE for the most general higher derivative gravity. As an exercise, we work out the exact formula for some interesting cone metrics. In Sect. 4, we check our formula by using the FPS method. We also prove that our formula yields the correct logarithmic term of EE for 4d CFTs. In Sect. 5, we resolve the HMS puzzle. We derive the logarithmic term of entanglement entropy for 6d CFTs from Weyl anomaly and find it is consistent with the holographic result for entangling surfaces with zero extrinsic curvature but without rotational symmetry. We conclude in Sect 6.
Dong's proposal of HEE for higher derivative gravity
In this section, we briefly review Dong's derivation of HEE for higher derivative gravity. The key observation of Dong is that, similar to the holographic Weyl anomaly, the would-be logarithmic term also contributes to HEE. As a result, corrections of entropy from the extrinsic curvature emerge:
Dong calls such corrections as the anomaly of entropy. For simplicity, he focuses on the gravity theories without derivatives of the curvature, S = S(g, R). We review Dong's derivation of HEE in this section and generalize it to the most general case S = S(g, R, ∇R, ...) in the next section.
The replica trick
A useful method to derive HEE is by applying the replica trick. Let us take Einstein Gravity as an example. Recall that the Renyi entropy is defined as
where Z n is the partition function of the field theory on a suitable manifold M n known as the n-fold cover.
For theories with a holographic dual we can build a suitable bulk solution B n whose boundary is M n . Then the gauge-gravity duality identifies the field theory partition function on M n with the on-shell bulk action on B n
We can derive the HEE by taking the limit n → 1 of Renyi entropy
where
is the regularized action and ǫ = 1 − 1 n . For Einstein gravity, we have
Then we can derive HEE of Einstein gravity as S = − Area 4G . Note that we work in the Euclidean signature. So entropy formula differs from its usual Lorentzian form by a minus sign.
There is still one question need to be answered. On which surface shall we apply this formula?
We know the answer is the minimal surface for Einstein gravity. In general, according to [5] , we require that the analytically continued solution satisfies the linearized equations of motion near the cone ρ = 0. We call this method the "boundary condition method". The metric of regularized cone is
where z = ρe iτ , dzdz = dρ 2 + ρ 2 dτ 2 , A = −ǫ log(ρ) and K z is the extrinsic curvature. Let us compute the linearized equations of motion δG zz = 8πGδT zz . We focus on the divergent terms, going like 1/ρ near the origin. Since the stress tensor is not expected to be singular, we have
Requiring the above equation to be regular near the cone, we get K z = Kz = 0. This is just the condition of the minimal surface.
There is another method to derive the minimal surface conditions. We call it the 'cosmic brane method'. Consider the action
In the limit ǫ → 0, we can treat S B as the action of a probe brane and find its location by minimizing S B without back reaction on the bulk fields. This gives exactly the minimal surface.
We have shown how to derive HEE for Einstein Gravity and how to derive the location of the cone. Now let us try to generalize it to higher derivative gravity.
Would-be logarithmic terms
According to [19] , the metric of regularized cone is
where T, g ij , K aij , Q abij , U i , V ai are independent of z andz, with the exception that Q zzij = Qz zij contains a factor e 2A . The warp factor A is regularized by a thickness parameter a as A = − ǫ 2 lg(zz + a 2 ). As we shall show below, the result is independent of the choice of regularization.
The key observation of [19] is that
where z = ρe iτ . Naively the left hand of eq. (17) is in order o(ǫ 2 ). Magically it becomes in order o(ǫ) after regularization. The magic happens because would-be logarithmic divergence gets a 1 ǫ enhancement:
As we know, the coefficient of a would-be logarithmic divergence is universal (like anomaly). So eq. (17) is independent of the regularization. In fact, we can give a very simple proof. It is known that the following formula is universal
This formula is usually used to derive Wald entropy. Performing integration by parts, we get
which is exactly eq. (17) . It should be mentioned that we can drop the boundary terms safely. One can check that the boundary term is zero after regularization.
Dong's formula: HEE for four-derivative gravity
Now let us focus on the four-derivative gravity whose action S(g, R) contains no derivatives of the curvature. By four-derivative gravity, we means the equations of motion are four order differential equations. This is the case investigated in [19] . From the regularized metric eq. (16), we can derive the curvature with non-vanishing derivatives of A as
where "..." denotes terms without derivatives of A. One can get the other curvatures by exchanging z,z, i, j and complex conjugate. For the reason will be clear in sect. 3,
actually does not contribute to HEE. Thus, from eqs. (21, 19, 20) , we can derive the HEE as
The first term above is just the Wald entropy, and the second term denotes the anomly of entropy [19] . It should be stressed that, unlike K aij , U i could not appear in the formula of HEE eq. (22).
Otherwise, it would yield wrong results of entropy for stationary black holes. As we shall show in next
HEE for the most general higher derivative gravity
In this section, we investigate HEE for the most general higher derivative gravity. Firstly, we find all the possible would-be logarithmic terms. Then we derive a formal formula of HEE for the most general higher derivative gravity. Finally, we work out the formal formula exactly for some special cone metrics.
General would-be logarithmic terms
To start, let us firstly briefly review the squashed cone. According to [19] , the general squashed cone metric is
where g ij is the metric on the transverse space and is independent of z,z. A = − ǫ 2 lg(zz + a 2 ) is regularized warp factor. T, V i , Q ij are defined as
Here z,z are denoted by x a and P a1...an is the number of pairs of z,z appearing in a 1 ...a n . For example, we have P zzz = P zzz = Pz zz = 1, P zzzz = 2 and P zz...z = 0. Expanding T, V, Q to the second order and using Dong's notations, we have
How to split
Equations of motion may help to fix this splitting. We leave this problem to future research. In this paper, for simplicity we keep only the highest order term W P to illustrate our approach. It does not affect our main results (eqs. (5, 6, 27, 29) and the results in Sect. 4 and Sect. 5)) 2 .
Using the squashed cone metric (23), we can calculate the action of most general higher derivative gravity and then select the relevant terms to derive HEE. Now let us discuss all the possible terms relevant to HEE.
Let us denote the general derivatives bŷ
where c mn are arbitrary constants. Since only o(ǫ) terms contribute to HEE, we only need to consider terms with at most two A:∂A,∂A∂A. For the first case∂A, it is easy to find that only the following terms contribute to HEE
Equivalently, we have
1 We thank Dong and Camps for reminding us this problem. 2 Let us focus on the splitting of Q zzij . For simplicity, we set Q 0 zzij = 0 in this paper. Calculations show that Q 0 zzij does not appear in the generalized Wald entropy eq.(5). However, it does contribute to the anomaly of entropy.
To be consistent with Wald entropy, Q 0 zzij must vanish in the stationary spacetime. This implies Q 0 zzij is either zero or a function of the extrinsic curvature K aij . Recall that eq. (6) is derived under the condition K aij = 0. Thus Q 0 zzij does not appear in eq. (6) either. Because we only use eq.(6) to resolve the HMS puzzle, so Q 0 zzij does not affect our conclusion in Sect. 5. As we shall show in Sect. 4, only the leading term
G ij contributes to the logarithmic term of EE. And the subleading term Q 0 zzij ∼ o(K 2 ) is irrelevant with our discussions of Sect. 4.
These terms contribute to the Wald entropy. Note that the delta function is defined as dzdzδ(z,z) = 1.
As for the second case∂A∂A, we should focus on the would-be logarithmic terms. That is because only such terms could gain a 1 ǫ enhancement. The only possible terms are
These terms contribute to the anomaly of entropy.
The simplest method to prove eq. (29) is by applying integration by part and dropping the irrelevant terms such as∂∂ z ∂ẑA∂A,∂A∂A∂A and so on. This is the method we used in eq. (29) . We can also prove eq. (29) by using Dong's method. Recall that
Here ∼ = denotes equivalence after regularization.
It should be stressed that terms contains ∂ z ∂zA, z∂ z A orz∂zA in the second case would not contribute to HEE,∂ does not contribute to HEE either. Maybe the most quick way to see that ∂ z ∂zA and z∂ z A do not contribute to HEE is by identifying A = − ǫ 2 log(zz). So we have∂∂ z ∂zA =∂(z∂ z A) = 0, which can not contribute to HEE at all.
Using eqs. (27, 29) , we can derive HEE for most general higher derivative gravity as
where a sum over α is implied. Note that, we drop all the∂∂ z ∂zA terms after one variation of ∂ a A in the second term of eq. (32) . This formula applies to the most general higher derivative gravity. It is one of the main results of this paper. Let us comment on our formula (32).
Firstly, the first term of eq. (32) β , we obtain the final result.
Thirdly, we have found all the relevant terms with HEE in order O(A) and O(A 2 ). A natural question is whether terms in higher order O(A n+2 ) contribute to HEE or not. In general, only wouldbe (log ρ) n+1 terms may get an enhancement after regularization. Let us discuss these terms briefly.
Recall that we have
Taking the derivatives of the above equation by β, we can derive
Naively, the left hand side of eq. (36) is in order o(ǫ n+2 ). However it becomes in order o(ǫ) after regularization. Actually, this is the would be (log ρ) n+1 terms. This kind of terms may contribute to HEE for some crazy regularized cone metrics. However, if we focus on higher derivative gravity with the regularized cone eq. (23) , only eq. (29) is already enough. That is because the factor e βA always appear as an entirety in the regularized metric and the action [19] , and A n∂ A∂A terms never appear separately. Thus only the would-be logarithmic term contribute to HEE of higher derivative gravity.
Based on eqs. (27, 29) , in Sect.4 we shall prove that our formulas of HEE yield the correct universal logarithmic terms of EE for 4d CFTs and our results agree with those derived by applying the FPS method [18] . This can be regarded as a support of the fact that terms in higher order O(A n+2 ) do not contribute to HEE.
To summary, we have found all the would-be logarithmic terms and obtained a formal formula of HEE for the most general higher derivative gravity. In the next section, we shall work out this formula exactly for some squashed cone metrics.
HEE for six-derivative gravity
In this subsection, we investigate HEE of six-derivative gravity. By six-derivative gravity, we mean the equations of motion are six order differential equations. Its action can always be rewritten in the form S(g, R, ∇R). We firstly derive the generalized Wald entropy for the general cone metric and then calculate the anomaly of entropy for some special cone metric.
Let us firstly investigate the generalized Wald entropy. It come from the first term of eq.(32). As we have mentioned in the above section, in addition to R zzzz and its covariant derivative ∇ µ R zzzz , many other terms may contribute to the generalized Wald entropy. We list all the possible terms relevant to the generalized Wald entropy below.
Using the above formulae, we can derive
Take into account that Γ
, we obtain the generalized Wald entropy as
Remarkably, a new term proportional to the extrinsic curvature K aij appears in the generalized That is because, in general, these self conjugate terms are non-zero in stationary spacetime. Indeed, T 0 , U i , Q zzij do not appear in our generalized Wald entropy eq.(39) for six-derivative gravity. The above generalized Wald entropy can be written in a covariant form as
Let us go on to study the anomaly of entropy. Because the general case is quite complicated we consider some special cone metrics below. Recall that the squashed cone metric is
For simplicity, we firstly consider the case with zero extrinsic curvature. Thus, we have
Note that there is a factor e 2A before T zz , V zzi and Q zzij . Let us calculate R, ∇R, and select all the possible terms relevant to HEE. We have
Note that to derive ∇ z R zizj and ∇ z R zzzj , we have identified z∂ 
Now let us consider a more complicated case. We set V i = 0 but with general T, Q ij . For simplicity, we only investigate a special action, S = dx
Applying the formulae in the appendix, we obtain the anomaly of entropy
Using the above formula, we can calculate HEE of squashed cones [18] in Minkowski spacetime. The cylindrical and spherical cone metrics in Minkowski spacetime are given by 
Note that the generalized Wald entropy is zero for the above cone metrics in Minkowski spacetime.
To summary, we have found a new type of Wald entropy, the generalized Wald entropy, for sixderivative gravity. This generalized Wald entropy appears in dynamic spacetime and reduces to Wald entropy for stationary black holes. It would be interesting to study the physical meaning of this generalized Wald entropy. We leave it to the future work. We also derive the anomaly of entropy for cone metrics with zero extrinsic curvature. As for non-zero extrinsic curvature, we study a toy model of six-derivative gravity. In sect. 4, we shall check our results by using the method of Fursaev et al.
We shall also prove that our results give the correct logarithmic term of EE for 4d CFTs.
HEE for 2n-derivative gravity
We calculate HEE of 2n-derivative gravity in this subsection. By 2n-derivative gravity, we mean the equations of motion are 2n-order differential equations. Its action can always be rewritten as S(g, R, ∇R, ..., ∇ n−2 R). In general, the formula of HEE becomes more and more complicated when higher and higher derivatives are involved. For simplicity, we consider only one special case here.
We choose the cone metric (23) with
We call this kind of cone as 'the highest-order cone'. That is because only the highest-order derivative of curvature ∇ n−2 R contributes to the anomaly of entropy in this case. We have
In the derivation of the above fromulas, we have identified z m ∂ Using eqs. (27, 29 ,51), we can derive HEE for 2n-derivative gravity as
/β α1 + c.c
As for the general case, the formula of HEE is quite complicated. Like the holographic Weyl anomaly, it seems very difficult ( if not impossible ) to derive an exact expression. Actually, there is no need to work it out exactly. Instead, for any given action and cone metric, we can directly use eqs. (27, 29) to calculate HEE.
Checks of our formulas
In this section, we shall check our the formula of HEE. Firstly, we use the FPS method to derive HEE of six-derivative gravity and show it in full agreement with our formula derived in sect. 3.2. Secondly, we prove that our holographic formula yields the correct logarithmic term of entanglement entropy for 4d
CFTs. For simplicity, we only focus on a toy model with the action S = dx
in this section.
The FPS method
In [18] , Fursaev et al develop a regularization procedure to calculate the integrals of polynomial curvature invariants on manifolds with squashed conical singularities. By studying the cylindrical and spherical entangling surfaces in Minkowski spacetime, they obtain a formula of HEE for curvaturesquared gravity. However, they do not show many details about the calculations. In this subsection, we firstly recover the key point in their derivations and then derive HEE for the six-derivative gravity dτ for an integer n and then analytically continue n to 1. The key point which does not be pointed out clearly in [18] is that one only need to select the would-be logarithmic terms in the integral:
For examples, let us derive HEE for the curvature-squared gravity. This is the case investigated in [18] . Note that the Wald entropy of curvature-squared gravity vanishes in Minkowski spacetime. Thus we only need to consider the anomaly of entropy. For the cylindrical metric (53), we obtain
Similarly for the spherical metric (54), we have
Eqs. (56,57) agree with those of [18] .
Let us go on to calculate HEE for the six-derivative gravity S = dx
After some complicated calculations, we get
for the cylindrical metric (53) and
for the spherical metric (54). Compare eqs.(58-59) with eq.(48) in sect. 3.2, we find full agreement.
This can be regraded as a double check of our results in sect. 3.2.
Logarithmic term of EE for 4d CFTs
In this section, we prove that our formula of HEE yields the correct logarithmic term of EE for 4d
CFTs. This is a nontrivial check of our results. For simplicity, we focus on an example of 6-derivative gravity in five-dimensional space-time as follows:
According to [33] , the expected logarithmic term of EE for the dual CFTs is
where the central charges a and c is given by [34] 
Thus, it is expected that HEE of ∇ µR ∇ µR and ∇ αRµν ∇ αRµν do not contribute to the logarithmic term, while HEE of ∇ αRµνρσ ∇ αRµνρσ yields a logarithmic term as
As we shall prove below, this is indeed the case.
Let us firstly compute the generalized Wald entropy. Applying the formula (40), we get
Note that we work in the Euclidean signature. So HEE is different from the Lorentzian one by a minus sign. The first term of the above equation is just the Bekenstein-Hawking entropy. According to [33, 15] , it gives a logarithmic term as
Thus we only need to consider the other terms of eq.(64) below.
For asymptotically AdS space-time, we can expand the bulk metric in the Fefferman-Graham gauge
h ij log ρ) + .... Interestingly,
can be determined completely by PBH transformation [35, 36] and thus is independent of equations of motion. However, the higher order terms (2) g ij ,
g ij ... are indeed constrained by equations of motion.
Fortunately, for the logarithmic terms of HEE in 5-dimensional space-time, we only need to expand the metric to the subleading order (1) g ij . Let us define a useful quantityR aŝ
According to [34] , we haveR
Note that eq. (67) is used in the derivation of above equations.
Denote the transverse space of the squashed cone by m. The embedding of the 3-dimensional submanifold m into 5-dimensional bulk is described by X µ = X µ (σ α ), where X µ = {x i , ρ} are bulk coordinates and σ α = {y a , τ } are coordinates on m. We choose a gauge
where h αβ is the induced metric on m. Let us expand the embedding functions as
Diffeomorphism preserving the FG gauge (66) and above gauge (70) uniquely fixes a transformation rule of the embedding functions X µ (y a , τ ) [37] . From this transformation rule, we can identity
where k i is the trace of the extrinsic curvature of the entangling surface Σ in the boundary where CFTs live. From eq. (71), we can derive the induced metric on m as
Thus, we have
Using eq.(71), we can also derive the extrinsic curvature K of m as
Note that all the other components of K 
It agrees with the expected logarithmic term of EE for 4d CFTs with zero extrinsic curvature eq.(63).
In the above derivations, we have used the following useful formulae
Now let us go on to compute the logarithmic term from the entropy eq.(45). Recall that the squashed cone metric is
with
Note that there is a factor e 2A before Q zz , Q zzz , Q zzz and V zz . It should be stressed that, for asymptotically AdS space-time the submanifold m is very close to the boundary, thus we cannot choose T, V i , Q ij freely. Instead, they should approach to the value for AdS. On the leading order, we have
Let us derive the above formulas. For simplicity, we focus on pure AdS below. It is expected that it
gives the leading value of T, V, Q for asymptotically AdS.
According to [19] , we have
Comparing the above formula with R µνρσ = −G µρ G νσ + G µσ G νρ , we get
Let us make a brief discussion. Since F ij = ∂ i U j − ∂ j U i = 0, we can always set U i = 0 locally. Since K is in higher order, from the last equation above, we find G ij is the metric of AdS 3 on leading order.
To derive the leading order of Q zzzij , one need to compute ∇zR zizi . To leading order, we have
Taking into account
. Now we can calculate the logarithmic term from the anomaly of entropy.
Without loss of generality, to the leading order, we can choose the cone metric as
where we have replaced K by k by using eq.(76) andk zab = (k zab − kz 2 h ab ) is the traceless part of k zab . Substituting the above squashed cone metric into eqs.(109,110,111), we get
Combining eqs.(65,77,86), we finally obtain the logarithmic term of HEE as
which exactly agrees with the CFT results eq.(63). Now we finish the proof.
Resolution of the HMS puzzle
Hung, Myers and Smolkin find that the logarithmic term of EE derived from the trace anomaly of 6d
CFTs agrees with the holographic result for entangling surfaces with rotational symmetry. However, mismatch appears when the entangling surfaces have no rotational symmetry even if the extrinsic curvature vanishes [15] . We clarify this problem in this section. After considering the anomaly of entropy from the higher-derivative term C ijkl ∇ 2 C ijkl , we resolve this problem successfully.
Let us first review the approach of calculating the logarithmic term of EE from the trace anomaly for 6d CFTs [15, 38] . In six dimensions, the trace anomaly takes the following form
where E 6 is the Euler density and I i are conformal invariants defined by
According to [15, 33, 38] , the universal logarithmic term of EE can be identified with HEE of the trace anomaly. For entangling surfaces with the rotational symmetry, only Wald entropy contribute to HEE of the trace anomaly (88). Thus, we have
The above result can be reliably applied for entangling surfaces with rotational symmetry. However, Myers et al find that it is inconsistent with the holographic result for entangling surfaces with zero extrinsic curvature but without a rotational symmetry. Assuming the conditions
they derive the holographic result for Einstein gravity as S HEE = 2π log δL
g ij + 1 8 (h ij (1) g ij ) 2 − 1 4
(1)
The mismatch between holographic result eq. Wald entropy, a new term proportional to Q 2 also contribute to HEE
when the derivative of curvature is included in the action. Since only I 3 (89) contains such terms 
which is exactly the same as eq.(96). Thus taking into account the contributions from the higherderivative term C ijkl ∇ 2 C ijkl , the CFT results exactly match the holographic ones.
Conclusions
In this paper, we investigate HEE for the most general higher derivative gravity. In particular, we find a new class of generalized Wald entropy. It appears in the general higher derivative gravity and reduces to Wald entropy for stationary black holes. We also find all the possible would-be logarithmic terms which contribute to the anomaly of entropy. Combining the generalized Wald entropy and the anomaly of entropy together, we obtain a formal formula of HEE for the most general higher derivative gravity. We work out this formula exactly for 2n-derivative gravity for some interesting cone metrics.
We prove that our formula yields the correct universal term of entanglement entropy for 4d CFTs.
This is a strong support of our results. As another check, we use the FPS method to derive HEE of six-derivative gravity and get full agreement. As an important application of our formulae, we solve the HMS puzzle that the logarithmic term of entanglement entropy derived from Weyl anomaly of CFTs does not match the holographic result even if the extrinsic curvature vanishes. We find that such mismatch comes from the contributions of the derivative of the curvature. Taking into account such contributions carefully, we find that the CFT result match the holographic one exactly.
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